This paper addresses itself to the maximization of the yield of some chemical process subject to various Thus we introduce a series of relaxation schemes by elaborating the special structure of the problem and reduce the original problem into a set of subproblems, all of which can be solved by standard methods.
Introduction
Let us consider an optimization problem associated with a chemical process depicted in Fig. 1 , where some chemical by-product generated while processing main product in plant F is sent to plant A to recover its valuable ingredients. The capacity of plant A is relatively small compared to largely fluctuating input, so that it is temporarily stocked in the intermediate storage 5 before processed in plant A. The amount in excess of the capacity of the storage S will be burned in plant B.
We naturally want to maximize the amount of flow into plant A or equivalently minimize the amount to be sent to plant B. There are, however, several The level of flow into plant B can be adjusted more frequently, typically as many as ten times every twenty-four hours, but it is preferred to have as few changes as possible primarily because too many changes will put excessive load on the operator. In addition, it must be integer multiple of some positive constant. Also, lower and upper bound constraints are imposed on each variable.
The traditional operation of this system can be described as follows.
We set the amount of flow into plant A at the level much lower than'the presumably best achievable value to avoid the fatal violation of lower bound constraint of the storage S. According to this scheme, we usually have to (i) burn much more than necessary (ii) change the level of flow into plant B intolerably ·often which'motivated our present effort to optimize the operation using advanced mathematical programming technique.
We will formulate this problem as a mixed integer programming problem in We therefore develop a special purpose algorithm in Section 3 where we incorporate a series of relaxations by exploiting the special structure of this problem. As shown in Section 4, our algorithm can generate an almost optimal solution for every input data we examined. It turned out that the difference of the value.of the objective function is always less than 1% from that of the true optimum. Also, we could significantly reduce the number of changes of flow into plant B.
There are only a few publications on the applications of mathematical programming techniques to the optimization of chemical process in our country, at least to our knowledge [2, 3, 5, 7] .
In particular, we could find almost no published reports on the applications of mixed integer programming. We hope that this paper will call upon a new interest in the applications of mixed integer programming in this field.
The Model
Let bet) be an exogenous function representing the amount of flow into intermediate storage S at time t. Also, let Also, yet) should be an integer mUltiple of positive constant a, i.e.,.
yet) = w(t)·a , wet) LS a nonnegative integer for all t
}
Finally yet) should be a piecewise constant function with at most ten discontinuous points. Our problem is to maximize the yield x subject to
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To solve this problem, we discretize time interval of 24 hours into L minutes subintervals to obtain the following discretized version of equation
where n = 1440/L, a = I/L. Constraints on the number of discontinuities of y(t) can be represented by introducing n zero -one variables as follows:
where m is a large positive constant. It is easy to see that P j
when m is large enough, so that constraints (5) judiciously represent our restriction on the number of discontinuities. (6) Our problem can now be written as follows: We are requested to supply an optimal yield x* and associated operation scheme within one minute after the input data b(t) is provided from the factory every morning.
Algorithmic Strategy
The problem formulated in Section 2 is a medium scale mixed integer programming problem which could not be solved in one minute on 1 MIPS computer by the state-of-the-art general mixed integer programming code. We are thus forced to devise an approximation of the model and a special purpose algorithm to solve a resulting approximate problem.
We will describe here a very successful relaxation strategy consisting of the following four steps.
[
Step 1]
We will first relax the complicating constraints related to the number of discontinuities of Y .'s and solve the resulting linear programming problem: ]
Let ously x Fig. 2 )
?-----
Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited. can be solved by standard branch and bound technique. We will employ the optimal solution (x, Yl""'Yp' ~l""';n) of (12) as our approximate optimal solution of (6) by nothing that it is a feasible solution of (6) .
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Optimizing Chemical Plant Operation 51 Fig. 3 shows the flow chart of our solution strategy. Note that each subproblem (7), (9) and (12) are significantly easier than (6) .
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Computational Results
We first compared our solution strategy with the traditional method which ~s based upon the experience and intuition of the operator ~n charge of this system. Table 1 summarizes the result where T=60(minutes) in all four cases. This table shows that our method always generates a solution whose yield ~s about 10% better than the traditional method. Also the number of jumps is remarkably less.
We next applied our method to the typical input data depicted in Fig. 4.1 where T=20(minutes). Fig. 4 .1 shows the optimal solution of (7) and Fig. 4.2 shows the optimal solution of (9). Note that the number of discontinuities of y(t) dropped from 12 in Optimizing Chemical Plant Operation 57 Table 2 shows some of the more important constants used Ln our computa---tion. Table 3 shows the value of x and x for four different input data. We observe from this that the difference fron x* are less than 1%. Also, we observe from Table 4 that the number of discontinuities is less than 3 Ln each case.
(See in particular a remarkable success in Case 4.)
Every result shows the validity of our solution strategy. It should be emphasized that these remarkable success 'Nas not expected at all before we started this study since T=20(minutes) problem has been too complicated to obtain a reasonably good operation scheme by traditional approach based on experience and intuition. Finally, Table 5 shows the amount of time required to obtain this solution, which successfully meets the computational requirements.
We expect from these results that this method can solve an even larger Copyright © by ORSJ. Unauthorized reproduction of this article is prohibited.
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